Background
Asthma is a complex syndrome with many clinical phenotypes. Its development is determined mostly by interplay of inherited propensity for atopy and various environmental factors. Major characteristics of asthma include variable degree of airflow obstruction, bronchial hyper-responsiveness and airway inflammation [1] .
The prevalence of asthma has been stabilizing in western European countries and increasing in regions with previously low prevalence, showing global prevalence differences diminishing, but the burden of asthma still continuing to rise [2] . Despite the large number of epidemiologic studies, the clear-cut reason for the observed increase of asthma prevalence still remains unknown. Although many generated hypotheses await confirmation, the multifactorial cause could be proposed [3] .
The International Study of Asthma in Childhood (ISAAC) was the initial study developing standardized tools and methodology for measuring the prevalence of allergic diseases in children suitable for international comparison. It is developed as a three-phase study. The goal of Phase One was to obtain baseline descriptive epidemiological data, the prevalence and severity of the allergic diseases, including asthma [4] . The European Community Respiratory Health Survey (ECRHS) was the first such study in adults that was primarily designed to cover all areas of the European Community in adults between 20-44 years of age [5] . Detailed descriptions of the ISAAC and ECRHS study protocols were published previously [5, 6] . Using the ISAAC methodology, 4 studies were conducted in Croatia to determine the regional prevalence of asthma and allergic diseases in school children [7] [8] [9] [10] .
The aim of our study, however, was to assess the intraregional differences in asthma prevalence in adolescents in SplitDalmatia County, to determine risk factors for asthma in our population and to estimate the specificity and sensitivity of the questionnaire used.
Material and Methods
The study, approved by the local Ethics Review Committee, was conducted in Split-Dalmatia County, Croatia. This county has an ethnically very uniform population of >99% Caucasians (96.3% Croatians), and has a Mediterranean climate characterized by hot summers and mild winters. Geographically, this county may be divided into 3 main subregions: the Dalmatian interior, an elevated hinterland with numerous karst fields; a densely populated narrow coastal strip; and the Dalmatian islands (specific isolated small populations). The study population comes from 2 different subregions, or more accurately, from 3 towns and their surrounding areas in these subregions that are all less than 50 km apart. Split is the economic and administrative center of the region, located on the Adriatic coast, with nearly 200,000 inhabitants. In the hinterland there are 2 major cities -Sinj and Imotski (population 25,373 and 10,213, respectively).
The target population was first-year high-school students (average age 15.6 years, range 14-16 years) representing 62.7% of total population of that age in the county. This population was chosen because 95% of cumulative asthma incidence becomes apparent by 15 years of age, almost all the population of that age from these subregions is concentrated in local high schools in larger centers (towns) and because adolescents as a population represent the most difficult population in which to diagnose and treat asthma and other chronic diseases. All high schools in the selected area were approached and included in the study. All high school students attending the first grade of high school for the first time, present in a school at the time of study, were included. The whole population taken into consideration for the inclusion into the study was 4086 adolescents registered in first grade of included high schools. The expected response rate of at least 80% would give us at least 3268 participants, producing a representative sample according to ECRHS [5] . Finally, 4027 adolescents were included, giving an initial response rate of 98.56%. The study protocol was implemented in all schools by the same investigational team, which was trained and supervised by the coordinator for ISAAC in Croatia. Initial data were collected using the ECRHS II short questionnaire, supplemented by questions from the ISAAC questionnaire regarding asthma risk factors (Table 1) . Participants completed the questionnaires in classrooms under team supervision so that any unclear phrase could be explained. Any inconsistencies found were eliminated in a phone conversation with the parents [4] . Participants suspected of having asthma based on replies to initial questionnaire (positive answers to at least 1 of the first 9 questions in the second phase. They underwent medical examination by a single asthma specialist, who made the final diagnosis of asthma after a diagnostic workup including medical history, physical examination, allergy skin-prick tests and peak flow measurements (peak flow was used because diagnostic workup was done in the local facility to facilitate better compliance).
Skin-prick tests were performed according to the EAACI recommendations (11) using common aero and food allergens (ALK-Abelló, Hørsholm, Denmark): Dermatophagoides pteronyssinus, Dermatophagoides farinae, cat and dog dander, moulds, pollens (trees, grasses, and weeds) with peanut and hazelnut. Pollen allergen mixtures were chosen according to the local pollen calendar. A test was read as positive (SPT+) if there was a wheal of 3 mm diameter or larger, and flare appeared. Peak expiratory flow rate (PEFR) measurements were performed using a Vitalograph Peak flow meter (Vitalograph Ireland Ltd., Ennis, Co., Clare, Ireland) with results in L/min and as percentage (%) of expected (12) . The flow of participants through the study is shown in Figure 1 .
Statistical analysis
Statistical analysis was performed using STATISTICA for Windows, version 6.0 (StatSoft, Inc. Tulsa, OK, USA). Basic descriptive summaries of data were obtained, and differences between investigated groups were calculated with cross-tabulation and the chi-square test or Fisher exact test for qualitative and ANOVA for quantitative variables. Univariate and multivariate logistic regression analyses were used to depict risk factors for asthma and asthma diagnosis. Goodness of fit for each predictor was assessed using Wald test and chisquare statistics and Hosmer-Lemeshow test were used for multivariate models. As participants with a positive answer to at least 1 question were evaluated by an asthma specialist for a diagnosis of asthma, and as there was a very little chance that participants that answered negatively to all questions would have asthma, we tried to estimate the sensitivity and specificity of the questionnaire using available data, appreciating all the restrictions coming from such an approach. P<0.05 was considered as statistically significant for all analyses.
results
The total of 4027 students (51.2% male) (out of 4086 eligible; response rate 98.56%) were recruited in the study: 3122 (77.5%) in Split, 550 (13.7%) in Sinj, and 355 (8.8%) in Imotski. Their characteristics are shown in Table 2 .
The asthma symptoms-related answers are shown in Table 3 . According to the prevalence of wheeze during the last 12 months, we estimated the prevalence of asthma to be 9.7% (95% CI, 8.8-10.7%). We found no significant sex difference, although the incidence was higher in girls in all 3 cities: 9.8% vs. Table 2 . Characteristics of the study participants. (Figure 1 ).
The final diagnosis of asthma, confirmed by an asthma specialist, was established in a total of 171 students (4.24%; 95% CI, 3.64-4.92%), and was more frequent in Split (4.64%) than in Imotski (4.23%), and Sinj (2.00%). In the majority of cases (73.7%) asthma was newly diagnosed. Concerning the fact that 200 adolescents (47.9% from Split, 4.6% from Sinj and 24.4% from Imotski) did not respond to the invitation to participate in the second phase of the study, we tried to estimate the number of asthmatic adolescents among them. For this purpose, we separately evaluated all answers to questions of the initial phase questionnaire. The rates of positive answers obtained from adolescents who were additionally examined were compared to rates from adolescents who were not examined. We found lower rates of all positive answers in adolescents who did not respond to invitation for further study. The multivariate logistic regression model that included these variables and gender showed an odds ratio (OR) of 7.9, with sensitivity of 70.8% and specificity of 76.5% in establishing the clinical diagnosis of asthma in adolescents who were examined. By using the described model we estimated that an additional 57 adolescents from the non-respondent group could have asthma based on the model. The total estimated prevalence of asthma in the selected population was than 5.60% (95% CI, 4.93-6.36%); with 6.18% in Split (95% CI, 5.37-7.09), 5.63% in Imotski (95% CI, 3.48-8.58), and 2.90% in Sinj (95% CI, 1.67-4.68), showing a significant intraregional difference (P=0.0028).
According to area of residence, we found a difference in number of household members (minimum in Split, maximum in Imotski) (F=188.93, P<0.001), crowdedness (number of household members per number of rooms) (minimum in Sinj, maximum in Split) (F=8.56, P=0.0002), type of fuel used for heating (electricity in Split, wood/coal in Sinj and Imotski) (Fisher exact, P<0.001), pet owning households (dog, cat, bird) (Fisher exact, P<0.001), and incidence of active smoking (minimum in Sinj, equally in Split and Imotski) (chi 2 =10.24, P<0.001).
Based on univariate analysis, the significant risk factors for current asthma included living in Imotski and Split compared to Sinj, having allergies, being an active or passive smoker (P<0.05 for all) ( Table 4) . After applying the multivariate analysis, only living in Split, having allergies and being an active smoker were found to be significant (P<0.05 for all, P=0.0000 for the model) ( Table 4 ).
The characteristics of participants with clinically diagnosed asthma are shown in Table 5 . Data from Table 5 show that more than a third of asthmatics had relatives with asthma, that their asthma was mostly (98.8%) intermittent or mild persistent, and mostly (81.9%) allergic in nature, with more than a half of patients allergic to mites. According to the low severity of asthma in our patients, a low rate of lung function impairment (9%) was expected. Using multivariate logistic regression analysis the positive skin prick test to mites, weeds and peanuts were found to be significant risk factors for asthma (p<0.05 for all, p=0.0000 for the model).
Finally, we tried to estimate the specificity and sensitivity of each question of the asthma questionnaire completed by adolescents in whom the clinical diagnosis of asthma was objectively established. The majority of symptoms (wheezing during the past 12 months, breathless when wheezing, wheezing without cold, feeling of chest tightness, awaking due to shortness of breath or coughing, having an asthma attack, currently taking asthma medicine, being admitted to hospital because of asthma, and missing school because of Table 4 . Risk factors for current asthma.
asthma) were estimated to have significant univariate positive predictive value for asthma (P<0.001 for all). In a multivariate model, we estimated that all items, except asthma attacks and school absenteeism, were statistically significant as predictive variables with OR for this model of 142.03, with sensitivity of 78.9% and specificity of 96.4% for clinical diagnosis of asthma (P=0.0000 for the model). Adding the information on allergies, this model had a sensitivity of 85.4% with a specificity of 96.4% (P=0.0000 for the model).
discussion
The present study showed, like previous studies in Croatia using ISAAC and ECRHS methodologies, an overall moderate prevalence of asthma [7] [8] [9] [10] . The highest asthma prevalence was found in Split, the urban center of SplitDalmatia County (6.18%), with highly significant intraregional differences in a very uniform population, and thus most probably associated with environmental factors. In comparison to asthma prevalence determined objectively by clinical evaluation, the prevalence assumed by used questionnaire (ECRHS II) was significantly overestimated (5.6% vs. 9.7%) in the adolescent population. A positive answer to the question on wheezing in the past 12 months showed the sensitivity comparable to clinical evaluation, but with very low specificity (<50%). The model we used (questionnaire followed by clinical evaluation) has been previously shown to be appropriate for epidemiologic evaluation of asthma prevalence [13] . The important disadvantage of this model is the difficulty in organizing clinical evaluations. Many invited students from Split did not attend clinical evaluation, although, based on evaluation of the non-respondents, they were significantly less likely to have asthma. In Sinj and Imotski, due to easier contact, this problem was significantly less apparent, with a response rate in Sinj of 95.4%.
One of the factors influencing the difference between Split and Sinj/Imotski could be the climate, which is slightly different between these subregions. It has been proven earlier that asthma prevalence is significantly affected by climatic and geographic differences within the same country, with increasing prevalence rates at higher annual temperatures, at decreasing latitude, and at decreasing distance from the sea [14] . Since Split and Dalmatia County have an average of 2600 sunny hours per year without significant intraregional difference, we considered that all adolescents have similar sun exposure, and minor risk for development of vitamin D deficiency, suggesting that vitamin D deficiency most probably is not a risk factor for development of asthma in Croatian adolescents in Split and Dalmatia County. If attributed to the moderate-to-low asthma prevalence among adolescents in Split and Dalmatia County, sun exposure and vitamin D level could also be a protective factor for asthma development, as published in some previous studies [15] . Differences in intraregional asthma prevalence demonstrated by our study could also be influenced by differences in diet, especially fresh fruit and raw vegetables, which are more prevalent in the diet of rural populations of Sinj and Imotski, as shown in a study done in Greece [16] . Humidity and warmth contributes to home dampness and higher levels of dust mites and molds in households [17, 18] ; early sensitization to perennial aeroallergens negatively affects lung function at school age [19] . Recent studies have shown that house dust mites, besides sensitization, have a propensity of inducing a non-allergic inflammation and asthma pathology [20] , making them an even more important environmental risk factor. They also can act in synergy with mold infection in inducing allergic airway inflammation [21] . There is also the difference in exposure to air pollutants, since Split is the administrative and commercial center, with much higher traffic density [22] . The protective "farming effect", supported by numerous previous studies [23, 24] , could also partially explain the difference, as Sinj and Imotski are primarily rural populations with increased microbial exposure that can influence innate and adaptive immune responses [24, 25] . Drinking unpasteurized milk and exposure to livestock, more common in the Dalmatian hinterland, have also been found by different studies to be protective factors for atopic disease development [26] . The difference in asthma prevalence between Sinj and Imotski could come from the difference in the prevalence of active smokers, pet ownership, and crowdedness, all favoring allergy and asthma in Imotski [22, [27] [28] [29] .
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Our study also confirmed allergic sensitization as one of the most important risk factors for asthma [30] . Among aeroallergens, we found sensitization to house dust mite to be an independent risk factor for asthma in schoolchildren. Previously, Sears et al. published similar results [26] . We also found sensitization to peanuts to be an independent risk factor for asthma. This observation in our population deserves further investigation.
Among pollutants, active smoking was found to be a risk factor for asthma, with an OR of 2.7 for active smokers. It has been shown that remodeling in asthmatics can be induced by TGF-beta [31] , enhanced by cigarette smoke [32] . That also could contribute to higher prevalence of asthma in Split and Imotski compared to Sinj, which had a lower rate of active smokers in the investigated age group, but it does not clarify the difference between Split and Imotski, where the rates of active smokers were comparable. Passive smoking was equally distributed among all 3 cities, with a significant effect in univariate analysis but a marginal effect on the risk for asthma in the multivariate model.
Limitations of our study stem from several methodological conditions. The ECRHS II short questionnaire was probably not the best choice for adolescents because it was developed for young adults [5] . The additional questionnaire was incomplete as it does not include many environmental factors such as air pollution exposure (traffic, etc.), genetic background, respiratory infectious diseases, nutrition, and exposure to animals. The cross-sectional design of the study per se has some inherent limitations in ability to establish cause-effect relationships. In addition, the study design with 2 phases in which not all participants were compared to the gold standard (clinical diagnosis) also has important limitations for estimation of the sensitivity and specificity of the questionnaire, although; there was a very little chance that participants that answered negatively to all questions would have asthma.
conclusions
Although almost all asthma prevalence rates for children in Croatia show a moderate prevalence, they also show significant intra-and inter-regional differences that deserve further detailed study of environmental factors in this relatively ethnically and genetically uniform population. The results of our study indicate that the ECRHS questionnaire estimating prevalence of current asthma significantly overestimated asthma diagnosis made by an asthma specialist when used with adolescents in Croatia (9.7% vs. 5.6%). These data confirm the need of a more complex questionnaire to accurately evaluate the prevalence of current asthma or the need for subsequent clinical evaluation of the questionnaire-obtained data. As expected, allergic sensitization to aeroallergens (eg, mites, weed pollen) was an important risk factor for current asthma, together with active smoking, suggesting that additional progress on smoking prevention is needed. As most of the cases of current asthma in our study were newly diagnosed, additional effort is needed concerning public health programs for early diagnosis of allergic and respiratory disorders in our population.
The local Ethics Review Committee approved this study.
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